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ABSTRACT

Force/area and surface potential/area isotherms of nine samples of
crganic surface active materials collected from various positions in the
North Atlantic were studied on distilled water (acidified to pH 2.0), and
synthetic sea water substrates. Esch of the six ssmples collected under
approximetely the seme conditions were similar in surface activity and
surface potentisl. Three samples, collected under different sea conditions
or in areas where contamination was likely toc occur, varied from this aver-

age.
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PROBLEM STATUS
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FIIM STUDIES OF SURFACE ACTIVE MATERYAL
COLLECTED IN THE KORTH ATLAKTIC

INTRODUCTION

Surface active material adsorbed &t the ocean/air interface can
modify many physical properties of the sea surface, such as wave struc-
ture, surface temperature and the rate of mixirg of surface and subsurface
waters. The importance of the adsorbed fiims in modifying the ocean sur-
face has led this Laboratory to mgke an extensive study of these materisls.
Samples of surface organic matter previously cbtained from the Bay of
Penama have been studied gnd the resulte are given in (1). These ssmples
vere analyzed by infrared and ges chromatographic techniques, and their
surfaoce chemical properties were characterized by measuring their surface
viscosity vs. film pressure, surface potendisl vs. ares, and film pressure
v8. area lsotherms. Each sample was found to contain a mixture of satur-
ated and unseturated fatty acids 8 to 20 cerbon stoms in length, their
esters, snd possibly some lipids and non-polar hydrocarbons.

The present study iz a continuation of the effort to cheracterisze
the physical and chemical properties of the sdsorbed films and, if possible,
to determine their origin. This report describes the force vs. srea and
surface-potential vs. area characteristics of nine samples of surface organic
matter collected at various locaticns in the Horth Atlentic area.

EXPERIMERT AL

The samples examined in this report were gathered by W.D. Garrett of
this Laboratory. All samples listed in Table I, with the exception of R-4,
vere collected and treated using the procedure described in (2). Sample
N-4 was obtained from a subsurface vwater ssmple collected by immersing a
5 gallon polyethylene bottle just beneath the sea surface. All samples
with the exception of A-5 were dark brown oily or waxy substances. Ssmple
A-5 contained many small spongy black masses that spparently are not typi-
cal of the organic meterial naturally occurring in the sea.

The infrared anslysis of these samples was performed by Dr. R.E. Kagarise
of this Laboratory (3). The experimental procedure and a discussion of the
manner in which each spectral disgram was interpreted has been discussed by
other investigators (1). In the present report each sample displayed strong
absorptione in those bands characteristic of CHy and CHg groups, while very-
ing amounts of COOH and esterfied carboxyl groups were indicated. Samples
A-1, A-2, A-3 and A-l appesr to have an unusuelly high ratio of -CHg~ to
carbonyl groups. A-4 was found to have unusuelly wesk ebsorptivity in the
carbonyl group fundamental streiching frequency band, while sample A-5
appeared to be essentially an aliphstic hydrocarbon o0il. The evidence for
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unseturation in the carbon chains wes inconclusive due to masking by adjacent
bands.

Force/ares and surface patential/area measurements were made on a
Langmuir-Adam type film beslence. The film pressure was determined using s
commercial Cenco-duNupy torsion head, while the surface potential measure-
ments were carried out using the vibrating electrode method (%). The film
balance and vibrating electrode essembly were enclosed in an aluminum box
fitted with clear plastic windows and equipped with automatic controls. The
f1lm balance trough was of pyrex glass. Each semple of the so-called "sea-
slick" material was studied on two substrates, synthetic sea water prepared
according to Federsl specificstions (5), and distilled water acidified to
PH 2.0 with hydrochloric =eid. To insure reproducibility, several determin-
stions were made for each sample on each substrate. Readings were normally
taken every three minutes, but where conditions wsrranted (e.g. approach to
equilibrium was very slow$ the intervals between readings were as long as 30
minutes.

Chloroform was used as spreading solvent for each of the samples. It
was re-distilled to remove any non-volatile residue, and weg found to be
free of film forming material. All messurements were made in & constant
tempereture room maintained at 20.0 + 0.2°C and 50 t 5% relative humidity.

RESULTS ARD DISCUBSICRH

The force/ares and surface potentisl/sres isotherms of the nine
sanples ere presented in Figurs 1-9. Each of the ssmples studied formed
a steble, coherent, non-reversible, ligquid-expended type film on both syn-
thetic sea water and distilled water at pH 2.0. All films were steble to
film pressures in excess of 30 dynes/cm, snd no lens formatiocn or other dis-
parity of film thickness wes observed. Also, there was no evidence of film
collapse or buckling during the course of the experiments, even though the
ealeulated £ilm thicknesses indicated that the films were several molecules
thick gt the higher film pressures.

In sttempting to interpret the data presented, one must consider that
each of the samples may cosntein a wide variety of surface sctive and non-
surface sctive comyonents (1). Many of the ehorter chein polar molecules
way be quite soluble in the sgueous substrates. Thus as the mixed films
of senple materisl are compresadd, certain of the less stromgly adsorbed
molscules may be displeced fyom the interface (6~9). The more water soluble
compounde will likely move into the substrste, while other film components
such ae the nom=polar hydrocsrbon csmpounds and certain weakly sdsorbing
polar molecules may, due to their inmsolubility in water, form duplex films
egbove the strongly edsorbed monslayer. Behavior such as this could explain
the lerge spparent film thicknsases observed at the higher film pressures.
As yot nowever, it has rot been determined what portion of the displaced
materisl may dissolve and what pertion iz capable of forming insoluble duplex
filme.
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The surface potential/area isotherms for <ach of the films on sea water
as well as on acid suhstrates were found to iucrease as the films were com-
pressed. The date summarized in Tebles I and III show that st 2 dynes/cm
the values of AV for most of the films fell between 210 and 290 mv, each in-
creasing asbout 100 mv when compressed to 24 dynes/ecm. The recorded surface
potentisls were generally less on synthetic sea water than on distilled water
at pH 2,0, but still not as low as would be expscted for closely packed films
of fatty acids on a basic substrate. Ssnders end Spink (10) end Schulmsan and
Hughes (11) each reported that the AV of a fatty acid £ilm is extremely sensi-
tive to pH, particularly in the presence of mni¢ivelent cations. The AV for
stearic acid was found to decrease from aboui 385 mv oz an acid substrate of
PH 2.0 to about 50 mv on a 0.001 M CaCly solution st pH 8.0. C.0. Timzons
(12) nas elso shown that oleic acid and triolein each have lower surface
potentisls on sea weter than on acid water, the values for a closely packed
monolayer of oleic acid decreasing from about 230 mv at pH 2.0 t0 50 mv at
pH 8.0 {see Figures 10 and 11).

The fact thet the surface potential values meesured on sea water are not
much iower than those measured on acid substrates indicates that the films con-
tain more then long chein fatty acid molecules. Their high AV values could be
due t5 several factors, such as the presence of a large number of adscrbed
molecules (e.g. alcohcls, ethers, etc.) whose surface potentiels are not de-
Pendent upon pH. It is also possible that the less strongly adsorbed mater-
lal that is squeezed out of the film at higher film pressures is centributing
to the surface potential, but currently we are not able to evaluste this
contribution.

Even though the force/area and surface potential/srea isotherms as
yet have given little information on the composition of the adsorbed mster-
igls, they do show that many of the samples collected from various paris of
the ocean have markedly zimilar surface chemical properties. The aversged
data for films A-1, A-2, A-3, A-%, B-l and B-2 given in Table IV show a
deviation in film area between 20 and 5%, while the surfsce potential values
have an aversge percent deviation of only about 10%. Each of these five
sgmples therefore has roughly the same amount of materigl remaining adsorbed
at the interface st s given film pressure, and shows roughly the samz film
pressure and surfsce potential. This would indicate that there is & great
deal of uniformity in the material that occurs nsturally at the surlace of
the ocean. It may be possible, therefore, to distinguish such nsturelly oc-
curring surface ovrgenic meterial from the contsminxtion often assaciuted
with the psasage of ships.

One surface sample that certainly veried from the preceding five due to
the presence of contaminstion was A-5, which the infrared dste showed to comn-
tain primarily aliphatic hydrocarbon materiel. In sddition to this kydro-
carbon, the unusually high surface potentiel value of 512 mv at 24 dypas/em
also suggests the presence of different polar groups adsorbed st the iuber-
face. Semples H-3 and H-l, which also differed from the previcus Tive swdles
did not contain unususlly large smounts of aliphetic hydrocerbton, or shew ithe
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same high surface potentisl found for A-5. They were collected near Block
Island, close to sreas of heavy toat traffice, emd it is possible they did
contaln some contsuinsting material.

Sample N-3 is of specisl interest in that it is the only seuple of the
group collected in the presence of a visible slick, and the only one that
gave & film gpproaching runomolecular dimensions at higher film pressures.
At the time this film was collected it was s bright sunny day and the water
had besn extremely celm for several hours. Under these conditions & neay
equilibrium situstion was probebly established, with tbe less strongly ad-
sorbed muterials being replaced at the interface by the more stsble film
forming molecules, Also, under these celm conditions, any thin £ilm 47 cone
taninating materisl present &t the surfase would te subject to prolonged
oxidetion by sunlight, perhaps increasing its surrace activity.

CONCLUSICH

The forve/area and surfece potentisl/area isotherms reported indicated
that the naturally occurring surfaece active materiel sdworbing atthe surface
of the open ocesn, in the presence of normal wind and wave action, hes s
certein degree of uniformity. Eech of the zix samples collected under approx-
imately the same conditions wap similar in surfesce activity end surface
potsntizl. The three samples of surface orgenic wmetarial that varied from
this average, or genersl surface chemical behavior, were found to definitely
contain contemina%ing aliphatic hydrocarbons or were callected under 4aif-
ferent ses conditions in an ares where contesinstion wss likely to occur. In
comparison, the Bay of Hufiems seuples (1) generslly formed fragile films that
collapsed at pressures less then 20 dymes/cm with meximum surface potentisls
of 0.225 - 0.279 volts.

The infrared and gas chromategraphic data eveilable on these asterigls
indicate that the principle polar constituent is the carboxyl group. However,
the surface chemical properties of these films, particularly their surface
potentiels are not what would be expected of long chain unsetursted ascids.

On the besis of the surfsce chemical investigations 1t appesrs as though these
; semples, ewen though they behave in gemerally the seme monner, contein e
verigty of organic mgteriasls varying widely in their surface actiwity.
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TABLE I

Saaples of Surface Active Orgsnic Materlal
Collected At Various locatlicns in FHorth Atlantic
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Figure 1 - Force/area and surface potential /area isotherms for sample A-l
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